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Thick C60 film also results in high resistance and poor ability for electron transfer, finally leading to poor device 
performance. However, at growth temperature of 90 oC, the PCE of the device using ZnPc grown at 0.12 Å/s is 
enhanced by a factor of 71% relative to the device using ZnPc grown at 0.02 Å/s due to the significant 
improvements in photocurrent, open-circuit voltage and fill factor. The improved device performances are mainly 
attributed to the rough surface of ZnPc thin films. As well known, the FF is related to the series resistance of cell. 
The rough surfaces and presence of voids can increase the chance of short circuiting, and partially decreases the 
actual carrier transfer distance. Thus series resistance throughout the organic layers is decreased in ZnPc film with 
rough surface and correspondingly higher FF value.  Moreover, the rough surface of ZnPc also increases the contact 
area between ZnPc and C60, which leads to more efficient carrier generation and transfer at the interface. On the 
other hand, as shown in Fig. 3 (b) OPV devices using ZnPc prepared at room temperature with different growth rate 
show same VOC of 0.40 V, while higher growth rate also slightly enhance the JSC and FF, resulting in a higher PCE of 
1.02%. OPV devices prepared at room temperature exhibit much higher performance relative to those of devices 
prepared at high temperature, even their surface morphologies are very smooth. The origin of the variations is not 
very clear, but it is believed that the molecular stacking order of ZnPc, which is strongly dependent on the growth 
temperature, will greatly influence light absorbance, exciton diffusion efficiency and charge transportation in 
organic film. [7] Thus, a possible reason is that the ZnPc molecules prefer to be laid down at low temperature, but 
stood up at high temperature. We will carry out further investigations on the control of molecular stacking order and 
its effects on the OPV device performances. Clearly, the present results indicate that controlled growth of ZnPc 
plays a crucial role in improvement of OPV device performances. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a)                                                                                          (b) 
 
Figure 3. J-V characteristics of ITO/ZnPc(20 nm)/C60(80 nm)/LiF(0.1 nm)/Al(100 nm) devices. ZnPc thin films 
are prepared at (a) 90 oC and (b) room temperature with different growth rates. 
 
4. Conclusions
We investigated ZnPc thin films growth, and discussed the effects of the growth conditions (substrate temperature 
and growth rate) on the films surface morphology. The results indicate the feasibility of controlled growth of ZnPc 
thin film by UHV-evaporation. The relationship between ZnPc morphology and organic photovoltaic properties is 
discussed. The device performances including PCE, open-circuit voltage, short-circuit current and fill factor are 
greatly improved using ZnPc with rough surface morphology. On the other hand, the molecular stacking order of 
ZnPc, which is dependent on the growth temperature, also has a significant impact on the device performances. 
These results directly imply that controlled growth of the organic films plays a crucial role in further improving the 
device performances. 
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